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1.0 Introduction 

The Dual UART Virtual Peripheral uses the SX communi- 
cations controller to provide asynchronous data commu- 
nication through the RS-232 interface. This Virtual 
Peripheral makes the SX device act as a Universal Asyn- 
chronous Transmitter and Receiver. The Virtual Periph- 
eral has been developed using the SX Evaluation Board 
and has been tested using the SX-Key of Parallax Inc. 
and SX-IDE of Advanced Transdata Inc. 

UnBke ottier MCUs that add functions in the form of addi- 
tional silicon, the SX Series uses its industry-leading per- 
formance to execute functions as software module, or 
Virtual Peripheral. These are loaded into a high-speed 
on-chip flash/EEPROM program memory and executed 
as required. In addition, a set of on-chip hardware 
Peripherals is available to perform operations that cannot 
readily be don© in software, such as a3mparators, timers 
and oscillators. 

2.0 Description of Dual UART Virtual 
Periplieral 

The data transmission is done at a pre detemriined baud 
rate. This is done by over sampling the data to be trans- 
mitted. A divide ratio is calculated by dividing this sam- 
pling rate by the required baud rate. The data is then 
inverted before it is sent at RS-232 levels through the line 
driver. The two UART Virtual peripheral modules work 
simultaneously at different baud rates. As data has to be 
sent on both the UART's simultaneously at different Baud 
rates it is necessary that the user checks that the trans- 
mit flag of the particular UART is reset before he sends 
any data on it, so that data corruption by overwriting of 
data is prevented. As the Virtual Peripheral is configured 
to send data on both the UART's simultaneously, alot of 
time is saved when compared to the sequential type of 
operation. At the occurrence of every interrupt the Virtual 
Peripheral checks for any data that is to be received on 
both the UART's and if it receives data it waits till it 
receives a complete byte of data(8 bits) and then sets a 
Flag indicating that a byte of data has be©n received on 
the particular UART. 



2.1 Program Description 

Multithreading concept is used in this Virtual Peripheral 
to realize the UART. Whenever an RTCC interrupt occurs 
the program jumps into the interrupt routine, which con- 
tains the interrupt multitasker. The multitasker has a 
number of threads (normally 24 or less). In the current 
implementation for the UART Virtual Peripheral , we are 
using 16 threads. At every occurrence of the interrupt, 
the Interrupt control jumps to one of the threads. The vir- 
tual peripherals are inserted into one of the thread. In the 
UART Virtual Peripheral, it is included in the isrThreadl. 
As this thread is called once in 4 times, the UART rou- 
tines executes once for every 4 interrupts. This technique 
enables the user to include other Virtual Peripheral mod- 
ules in the remaining threads. Before sending any byte 
the user must take care to check whether the transmit 
flag is cleared and then he must set the transmit flag 
before he calls the "sendbyte" routine. The Virtual periph- 
eral also features the capability to send strings that are 
stored in the area allocated for strings. 

Note:Both the UART Virtual Peripheral modules are in 
isrThreadl The program can be modified to include one 
UART in isrThreadl & the other in isrThread2. The ISR 
jump table have to be modified to Include isrThread2 very 
4th <qfcl© of th© interrupt, as is don© for isrThrmdl . 
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2.2 Interrupt Service Routine Flowchart 
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Figure 2-1. lnti»Tupt Service lioirtfne Fliswdiart 
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3.0 Different Sections of UART Virtual 
Peripheral 

This documentation provides a brief overview of different 
sections involved in "Dual UART Virtual Per'ijpheral Using 
SX Communications Controller". 

The four sections of the Dual UART Virtual Peripheral 
module mentioned below can be inserted in a main 
source code at appropriate locations to meet the require- 
ment of realization of the UART Virtual Peripheral. 

• Equates Section 

• Bank Section 

• Initialization Section 

• Interrupt Se^on 

3.1 Equates Section 

This section gives the equates section of the Dual UART 
Virtual Peripheral module and it also defines the output 
pins for the Dual UART Virtual Peripheral. The value of 
UARTDivide, UARTStDelay and pin declarations are 
made here. 

The value of the constants are as follows: 
UARTfs =230400 - Yc/-"?'/-^' 

Num = 4 

Int Period =217 

UARTDividel = UARTfs/(UARTbaud1 * Num) 
UARTStDelayl = UARTDividel + (UARTDivide1/2)+1 

UARTDivide2 = UARTfs/(UARTbaud2 * Num) 
UARTStD^ayt = UARTDtvM^ + (UWSTDMd^)+1 



Where Num is the number of times the ISR thread in 
which the Virtual Peripheral is present is called in the 
Interrupt service routine multitasker (iSR multiplexer 
which is 4 in our case). 

The pins on which the input and output data are received 
and sent are defined in this secion. Port Ra and Rc are 
used for the external interface. 

The Pins are configured as fdllovt^: 



rs232Rxpinl equ ra.2 

rs232Txpinl equ ra . 3 

rs232Rxpin2 equ rc . 7 

rs232Txpin2 equ rc.6 



fOARTl receive input 

;UART1 transmit output 

;UART2 receive input 

,-UART2 transmit output 



The baud rates for each of the UART's are decided by 
using the IFDEF statements, depending on the baud rate 
selected. The Baud rate is equal to the nunrber that rep- 
resents it in the commented statement. For example, if 
U1B1200 is uncommented it implies that UART1 has a 
baud rate of 1200bps, similarly U2B1920 implies UART2 
is to be configured for a baud rate of 192Q0bps. 
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3.2 Bank Section 

This section describes the use of the banks in the UART 
Virtual Peripheral. Two banks that are used in the UART 
Virtual Peripheral module (bank1 , bank2). 

O-rg bankl_org 



bankl 




g 


rs232TxBank 




$ 


raO'^OTvl Vi-i rrli 

X. -J ^ 1. JLXllX^IX 






rs232Txllow 


ds 


1 


rs232Txlcount 


ds 


1 


rs232Txl divide 


ds 


1 


rs2 32TxlByte 


OS 


1 


rs232Tx2high 


ds 


1 


xb2 32Tx2 low 


ds 


1 


1-SZ ^ z !XZ COuIlC 


as 




2rs2 3 2Tx2 divide 


QS 


1 


rs232Tx2Byte 


ds 


1 


MultxplexBank 




9 


isrMultiplex 


ds 


1 


Org bank2_ 


_org 




bank2 




$ 


rs232RxBank 




$ 


rs232Rxlcount 


ds 


1 


rs232Rxldivide 


ds 


1 


rs232Rxlbyte 


ds 


1 


rs232bytel 


ds 


1 


rs232Rx2 count 


ds 


1 


rs232Rx2 divide 


ds 


1 


rs232Rx2byte 


ds 


1 


rs232byte2 


ds 


1 



3.3 Initialization Section 

This provides the initialization part of the Dual UART Vir- 
tual Peripheral . This has to be included before the main 

_baiik rs232TxBaiik 

mov w, #UARTdividel 
mov rs232Txdividel,w 

mov w, #UARTdivide2 
mov rs232Txdivide2,w 

This initialization is done to send the data at the required 
baud rate. The value of UARTDivide symbolizes the 
number of times the interrupt has to be serviced before a 
bit is transmitted. For example If we are transmitting data 
at a rate of 9600bps, the value of UARTDivide is 6, thte 
means that every one bit should be transmitbsd for every 
6 occurrences of isrThreadI . 



Inside bankl we have defined different banks for 
rs232TxBank and MultipiexBank just for Clarity, and 
bank2 contains rs232RxBank. 



loop starts with the initialization of all other ports and reg^ 
isters. 



; select rs232 bank 
;load Txdivide with XJftRT baud rate 

•load Txdivide with UART baud rate 



;UART Transmit bank 

;High Byte to be transmitted 

;Low Byte to be transmitted 

; counter to keep track of the bits sent 

;xmit timing counter 

;^tore the byte to be sent in this buffer 

;High Byte to be transmitted 

,-IiOw Byte to be transmitted 

; counter to keep track of the bits sent 

;xmit timing counter 

(•store the byte to be sent in this buffer 

;Multipler Bank 

;Used to jump between the Isr Threads when 
; to Interrupt occurs 



counter to keep track of the Qwiber of bits received 
receive timing counter 
buffer for incoming byte 

Used by serial routines 

counter to keep track of the number of bits received 
receive timing counter 
buffer for incoming byte 
used by serial routines 
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3.4 Interrupt Section 

The flow of the interrupt service routine is shown in Figure 2-1 . 

The interrupt service routine of the UART Virtual Peripheral module with a "retiw" value of -217 at an oscillator ffe- 
guency of 50MHz runs every 4.32us. 

org INTERRUPT_ORG ; First location in program memory. 

.*******+*************************************************************** 
.************************************************************************ 

. Interrupt Service Routine 

; Note: The interrupt code must always originate at address $0. 
; Interrupt Frequency = (Cycle Frequency / - (retiw value)) For example: 
; With a retiw value of -217 cUmJ an oscillator frequency of 50MHz, this 
; code rtins every 4.32us. 

.*********************************************************************** 

org $0 

interrupt ; 3 

. ****************************** ***1r********1i*1i1t*^^ 

; Interrupt 

; Interrupt Frequency = (Cycle Frequency / -(retiw value)) For exatiiple: 

; With a retiw value of -217 and an oscillator frequency of 50MHz, this code runs 

; every 4.32us. 

. ********************************************************************************************* 

.********************************************************************************************* 

; VP: VP Multitasker 

; Virtual Peripheral Multitasker : up to 16 individual threads , each running at the 
; (interrupt rate/16) . Change then below: 

; Input variable (s): isrMultiplex: variable used to choose threads 

/Output variable (s): None, executes the next thread 

/Variable (s) affected: IsrMultiplex 

/Flag(s) affected: None 

/Program Cycles: 9 cycles (turbo mode) 

.*********************************** ****** **************************************************** 
_bank Multiplexbank ; 

inc isrMultiplex ; toggle interrupt rate 

mov w, isrMultiplex ; 

.********************************************************************************************* 

; fhe code between the tableStart and tableEnd statements MUST be completely within the first 
/ half of a page. The routines it is jumping to must be in the same page as this table. 
********************************************************************************************** 



tableStart Start all tablea with this macro 

jmp pc+w / 

jmp isrThreadl / 

jmp isrThread2 ; 

jmp isrThreadS ; 

jmp isrThread4 / 

jmp isrThreadl ; 

jmp isrThreadS ; 

jmp isrThreadS ; 

jmp isrThread7 / 

jmp isrThreadl / 

jmp isrThreadS / 

jmp isrThread9 / 

jmp isrThreadlO / 

j'tfip l,8'rT!to#adl /• 
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End all tables with this macro. 



jmp isrThreadll 
jrap isi:Threadl2 
j mp i szThireadlS 

tableEnd 

*********************************************************************** ************^ 

VP: VP Multitasker 

ISR TASKS 

*****************************************************.**************************** 

isrThreadl ; Serviced at ISR rate/4 

****************************************************************** 

Virtual Peripheral: Universal Asynchronous Receiver Transmitter (UART) These routines send 
and receive RS232 serial data, and are currently configured (though modifications can be 
made) for the popular "No parity-checking, 8 data bit, 1 stop bit" (N,8,l) data format. 

The VP below has 2 UARTS implemented - UARTl & UART2 . Both the UARTs can work at independent 
Baud Rates. 

RECBIVING: The rs232Rxlflag & rs232Rx2flag are set high whenever a valid byte of data has 
been received and it is the calling routine's responsibility to reset this flag once the 
incoming data has been collected. 

TRANSMITTING: The transmit routine requires the data to be inverted and loaded 
(rs232Txhigh+rs232Txlow) register pair (with the inverted 8 data bits stored in 
rs232Txhigh and rs232Txlow bit 7 set high to act as a start bit) . Then the number of bits 
ready for transmission (10=1 start + 8 data + 1 stop) must be loaded into the rs232Txcount 
register. As soon as this latter is done, the transmit routine immediately begins sending 
the data. This routine has a varying execution rate and therefore should always be 
placed after any timing-Critical virtual peripherals such as timers, 
adcs , pwms , etc . 

Note: The tremsmlt and receive routines are Independent and either may be removed for each 
of the UARTs. The initial "_bank rs232TxBank" & "_bank rs232RxBank" (ccmmion) 
instruction is kept for Transmit & Receive routines. 

Input variable (s) : rs232TxlLow (only high bit used), rs232TxlHigh, rs232TxlCount 

If rs232TxlFlag SET, then transmit on UARTl 

rs232Tx2Low (only high bit used) , rs232Tx2High, rs232Tx2Count 

If rs232Tx2Flag SET, then transmit on UART2 
rs232RxlFlag, rs232Rxlbyte 
rs232Rx2Flag, rs232Rx2byte 

rs232Txldivide, rs232Rxldivide , rs232Rxlcount 
rs2 32Tx2divide, rs232Rx2divide, rs232Rx2count 
rs232TxlFlag, rs232Tx2Flag 
rs232RxlFlag, rs232RxlFlag 

22 worst case for Tx, 23 worst case for Rx 
Yes. 

********************************************************************************************* 
UARTl 

rs232Tr2uismlt 

_bajak rs232TxBank ;2 switch to serial register bank 



Output variable (s) : 
Variable (s) affected: 
Flag(s) affected: 

Program cycles : 

Variable Length? 



sb 


rs232TxlFLag 


1 




jmp 


rs232Receivel 


1 




decsz 


rs2 32Txldivide 


•1 


only execute the transmit routine 


jn^) 


rs232Receivel 


1 




mov 


w, #UARTDividel 


■1 


load UART baud rate (50MHz) 


mov 


rs232Txldivide,w 


1 




test 


rs232Txlcount 


1 


are we sendX&g? 


snz 




1 
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:txbit 



3tnp 

clc 

rr 

rr 

dec 

snb 

clrb 

sb 

setb 
test 

snz 
clrb 



rs232Receivel 



rs232Txlhigh 
rs232Txllow 
rs232Txlcount 
rs232Txllow.6 
rs232TxPinl 
rs232Txllow. 6 
rs232TxPinl 
rs232Txl count 

rs232TxlFlag 



;1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



yes, ready stop bit 
and shift to next bit 

decrement bit coimter 
output next bit 



are we sending? 

22 



rs232Receivel 



:rxbit 



_bank 

sb 

clc 

snb 

stc 

test 

sz 

jmp 

mov 

sc 

mov 

mov 

mov 

decsz 

jmp 

mov 

mov 

dec 

sz 

rr 

snz 

setb 



rs232RxBank 
rs232RxPinl 

rs232RxPini 

rs232Rxlcount 

:rxbit 
w,#9 

rs232Rxlcount , w 
w,#UARTStDelayl 
rs232Rxldivide, w 
rs2 32Rxlcivide 
!rs232RxOutl 
W,#UARTDividel 
rs232Rxldivide , w 
rs232Rxi count 

rs232Rxlbyte 

rs232RxlFlag 



get current rx bit 



currently receiving byte? 

if so, jump ahead 
in case start, ready 9 bits 
skip ahead if not start bit 
it is, so renew bit count 
ready 1.5 bit periods (50MHz) 

middle of next bit? 

yes, ready 1 bit period (50MHz) 

last bit? 
if not 

then save bit 

if so, 

23 then set flag 



: rs232RxOutl 



tI%RT2 



:txbit 



_bank 

sb 

jn^) 

decsz 

jmp 

mov 

mov 

test 

snz 

jmp 

clc 

rr 

rr 

dec 

snb 



rs232TxBank 
rs232Tx2f lag 
rs232Receive2 
rs232Tx2 divide 
rs232Receive2 
w, #UARTDivide2 
r s2 3 2Tx2 divide , w 
rs232Tx2 count 

rs232Receive2 



rs232Tx2high 
rs232Tx21ow 
rs2 3 2Tx2 count 
rs232Tx210w.e 



switch to serial register bank 

only execute the transmit routine 
load UART baud rate (50MHz) 
are we sending? 



yes, ready stop bit 
and shift to next bit 

decrement bit counter 
output next bit 
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3f s2 32R6ceive2 



clrb 


rs232TxPin2 


1 




sb 


rs232Tx21ow. 6 


1 




setb 


rs232TxPin2 


1 




test 


rs232Tx2 count 


1 


are we sending? 


snz 




1 




clrb 


S'sa32Tx2FXag 


X, 


22 


bank 


rs232RxBank 


2 




sb 


rs232RxPin2 


1 


get current rx bit 


clc 




1 




snb 


rs232Rxl>iil2 


1 




stc 




1 




test 


rs2 3 2RX2 couait 


1 


currently receiving byte? 


sz 




1 




jmp 


:rxbit 


1 


if so, jump ahead 


mov 




1 


in case start, ready 9 bits 


sc 




1 


skip ahead if not start bit 


mov 


rs232Rx2 count , w 


1 


it is, so renew bit count 


mov 


w, #UARTStDelay2 


1 


ready 1.5 bit periods (50MHz) 


mov 


rs2 32Rx2 divide, w 


1 




decsz 


rs2 3 2Rx2 civide 


1 


middle of next bit? 


jmp 


:rs232RxOut2 


1 




mov 


w, #UARTDivide2 


1 


yes, ready 1 bit period (50MHz) 


mov 


rs2 32Rx2 divide, w 


1 




dec 


rs232Rx2count 


X 


last bit? 


sz 




1 


if not 


rr 


rs232Rx2byte 


1 


then save bit 


snz 




1 


if so, 


setb 


rs232Rx2Flag 


1, 


23 then set flag 



: rs232RxOut2 
USRTOUt 

. ************************************************ ***it**********^ 

;================= PUT YOUR OWN VPs HKRE==========='========== 

; Virtual Peripheral : 

; Input variable (s): 

; Output variable (s) : 

,• Variable (s) affected: 

; Flag(s) affected; 

> ********************************************************************************************* 



; " 




isrOut 


; 7 cycles lantil mainline program 


resumes 


execution 


isrThread2 






; Serviced at ISR rate/16 






7 


jntp 


isrOut 


; 7 eyeles until mainline program 


resumes 


execution 


t 

isrThread3 






; Serviced at ISR rate/16 








jmp 


isrOut 


; 7 cycles until mainline program 


resumes 


execution 


isrThread4 






; Serviced at ISR rate/16 







jmp isrOut ,- 7 cycles until mainline program resumes execution 
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srThreadB 






; Serviced 


at ISR rate/16 












isrOut 


; 7 cycles 


until mainline 


program 


resumes 


execution 


srThread6 






; Serviced 


at ISR rate/16 










jmp 


is rout 


; 7 cycles until mainline parogsSm resumes 


execution 


srThreadV 






; Serviced 


at ISR rate/16 










jmp 


isrOut 


; 7 cycles 


until mainline 


program 


resumes 


execution 


srThreadB 






; Serviced 


at ISR rate/ 16 










jmp 


isrOut 


; 7 cycles 


until mainline 


program 


resumes 


execution 


srThread9 






; Serviced 


at ISR rate/ 16 










jmp 




; 7 cycles 


until mainline 


program 


resumes 


execution 


SfThreadlO 






; Serviced 


at ISR rate/ 16 










jmp 


isrOut 


; 7 cycles 


until mainline 


program 


resumes 


execution 


srThreadll 






; Serviced 


at ISR rate/ 16 










jmp 


isrOut 


; 7 Cycles 


until mainline 


program 


resumes 


execution 


srThreadl2 






; Serviced 


at ISR rate/ 16 










jmp 


isrOut 


; 7 cycles 


until mainline 


program 


resumes 


execution 



isrThreadl3 



_bank Multiplexbank 
mov isrMultlplex, #255 

jmp isrout 



; Serviced at ISR rate/16 

; This thread must reload the IsrMultiplex register 

reload isrMultlplex so IsrThreadl will be run on the 
next Interrupt . 

7 cycles until mainline program resumes execution 
This thread must reload the isrMultlplex register 
since It is the last one to run in a rotation. 



isrOut 

J ******* **ie*******it****it**ic*1cirit*****it**ic****************icieie*** *** 

! Set Interrupt Rate 



Isr end 



mov w , # - intper lod 
retiw 



.•refresh RTCC on return 

; (RTCC = 217 no of instructions executed in the ISR) 
; return from the interrupt 



;************************************************************** ***1,1H,*i,1,1,*1,i,1,i,1,-l,1,i,i,i,1,1,1,1,1,1, 

; End of the Interrupt Service Routine 

;********************************************** *****************i,****iH,1,*****»1,**1,1,1,**i,-HH, 
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4.0 Features 

4.1 Baud Rate Generation Methodology and Timing 

To understand the method for generating the required 
baud rate let us take an example. 

Let us consider data has to be transmitted at the rate of 
57600bps and the sampling frequency is 230.4KHz 

The time taken for the transmission of 1 bit of d^ is 
equal to (1/57600)sec. 

Data is sampled at a frequency of 4 * 57,600bps = 
2^.4KHz. 

If data is sent at the sample rate, then it will be transmit- 
ted at a rate much faster than that required and hence 
will result in a baud rate mismatch. To avoid this mis- 
match we introduce a delay factor that is a ratio of the 
sampling frequency and baud rate. 

Hence the divide ratio UARTDivide for the above exam- 
ple will be = (230400/57600) = 4 

This divide ratio implies that if a bit of data is transmitted 
once in 4 occurrences of the interrupt, the baud rate 
matching will be taken care of. 

When the concept of ISR thread is used it is necessary 
that the value of UARTDivide is further divide by a value 
equal to the number of times the thread servicing this 
[articular intempt is called irrthe ISR Multitasker. 



As in the inte'rupt routine Mentioned above if the thread 
1 is being called 4 times in the Interrupt Multi^ker then 
the value of UARTDivide is further divided by 4 Id get a 
resulting value of 1. 

So the formula for UARTDivide will be: 

UARTDivide = UARTfs/(UARTBaudrate*number of times 
the ISR is called in the IVIultitasker) 

This gives a value for UARTDivide of 1. Hence this value 
will take care dl ttm tranm^mm of data at the required 
baudrate. 

While receiving data, the timing is controlled in the same 
way as explained above. 

The only difference is that a constant called UARTStDe- 
lay is introduced which is equal to 1 .5 times the bit length. 
Its purpose is to ensure that the bits are sampled near 
the middle of each pulse which will ensure that the data is 
sampled accurately. Separate UARTDivide and UARTSt- 
Delay constants are computed for feasibility of both 
UART's being independent of each other, (e.g.: 
UARTStDelayl refers to UART1, and UARTStDetey2 
refers to UART2) 
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4.2 Circuit Design Procedure 

The simplest version of the circuit requires two Port lines 
of the SX for TX & RX (if handshake is to be used, addi- 
tional port lines will be required). The circuit interface is 
quite simple which involves only a driver for driving the 



signals. As we intend to use the RS-232 level of commu- 
nication, any TTL to RS232 converter can be used. The 
TX and RX lines are to be given to the driver directly 
which takes care of the level conversion. 



Ubicom SX @ 
SOMHz 



TXl 



RXl 



TX2 



RX2 



RS-232 
Line Driver 
(MAX-232) 



TXl 



RS-232 
Line Driver 

(MAX-232) 



1X1 



TX2 



D-Type 
ConaectoT 



RX2 



D-Type 
Caaaecbff 



Figure 4-1. Circuit Diagram 



5.0 Applications 

The Applications of UART are innumerable and the use 
of UART is reflected in nearly every communication appli- 
cation. As UART is used for serial communication, we 
are using the most widely used serial communication 
standard that is the RS-232 standard. 

The program written is for a simple UART without any 
handshakes. The program can be modified to handle the 
handshakes too. 



As this implementation has 2 UARTs which can be con- 
figured for different baud rates, it is possible to send mes- 
sages quickly as both the UARTs are independent of 
each other. Hence it can be used in Applications where 
we have 2 MCU's or peripherals operating at different 
baud rates.The Virtual Peripheral can be modified by 
including the transmit and receive routines in different Isr 
threads so ttiat the time taken to sendee threadi will 
become less. 
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